C ase 1A: A 68-year-old man with a past medical history of atrial fibrillation (AF), hypertension, and type 2 diabetes mellitus has been on anticoagulation therapy with warfarin for 6 years. The patient's target international normalized ratio (INR) is 2.0 to 3.0. The patient has been managed by a pharmacist-run anticoagulation clinic, and his recent warfarin doses and INR values are shown in Table 1 . He has had no bleeding or thrombotic complications. His current medications include warfarin, metformin, lisinopril, and atorvastatin. The patient has recently read about the United States Food and Drug Administration (FDA) approvals of dabigatran etexilate and rivaroxaban and would like to know if he should be switched from warfarin to dabigatran.
Case 1B: After discussion with the cardiologist and pharmacist, the patient in Case 1A decided that he would like to switch to dabigatran etexilate. He and his referring cardiologist would like to know how to switch a patient from warfarin to dabigatran. Pertinent labs include a serum creatinine of 0.7 mg/dL (creatinine clearance 80 mL/min) and liver function tests within normal limits. His medications remain unchanged.
Case 2: A 70-year-old, 70-kg woman with a past medical history of hypertension presented to the emergency department with signs and symptoms of acute heart failure. She was diagnosed with new-onset AF and rapid ventricular response. After successful rate control with a ␤-blocker and anticoagulation with heparin, she underwent successful cardioversion after a transesophageal echocardiogram demonstrating no thrombi or valvular heart disease with an ejection fraction of 70%. Her other medications include ramipril and hydrochlorothiazide. Based on her CHADS 2 score of 2 (hypertension and heart failure) and CHA 2 DS 2 -VASC score of 3 (hypertension, age 65-75 years, and female sex) a decision is made to anticoagulate the patient with one of the new oral anticoagulants. Pertinent laboratory tests include an INR of 1.0, liver function tests within the normal range, serum creatinine of 1.4 mg/dL, and a therapeutic aPTT of 70 seconds. What are drug selection considerations between dabigatran etexilate and rivaroxaban?
Dabigatran Etexilate and Rivaroxaban for Stroke Prevention in Atrial Fibrillation
Dabigatran etexilate (Pradaxa) is a prodrug that is rapidly converted to the active direct thrombin (factor IIa) inhibitor dabigatran. Dabigatran etexilate 150 mg orally twice daily was approved by the FDA on October 19, 2010 for marketing in the United States for the prevention of stroke and systemic embolism in patients with nonvalvular AF. 1 The FDA approval of dabigatran came after the results of the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial. The RE-LY trial was a large, open-label, randomized trial in which dabigatran was compared with warfarin (goal INR 2.0 -3.0) in 18 113 patients with nonvalvular AF. Rates for the primary outcome of all stroke (ischemic or hemorrhagic) or systemic embolism were 1.71% per year in the warfarin group. 2, 3 Dabigatran 150 mg twice daily reduced the rate by 34% (from 1.71% per year with warfarin to 1.11% per year with dabigatran; PϽ0.001 for superiority intention-totreat analysis; relative risk [RR], 0.65; 95% confidence interval [CI], 0.52-0.81), and at this dose there was no increase in major bleeding. The rate of nonhemorrhagic stroke was also significantly lower with 150 mg of dabigatran than with warfarin (0.92% versus 1.20%; RR, 0.76; 95% CI, 0.60 -0.98) as was the rate of hemorrhagic stroke (0.10% versus 0.38%; RR, 0.26; 95% CI, 0.14 -0.49). The frequency of dyspepsia was increased in patients receiving dabigatran (11.3% in the 150-mg group) as compared with warfarin (5.8%) and con-tributed to the greater second-year rate of dropout with dabigatran (Ϸ21%) than with warfarin (16.6%). 2, 3 Dabigatran is primarily cleared from the body renally (80%) and is a substrate of the efflux transporter P-glycoprotein (P-gp). 1 Patients with creatinine clearance Ͻ30 mL/min were excluded from the RE-LY trial. However, the FDA approved a dose of 75 mg twice daily for patients with creatinine clearance 15 to 30 mL/min and suggests this reduced dose be administered in patients taking the strong P-gp inhibitors dronedarone or systemic ketoconazole with creatinine clearance 30 to 50 mL/min. 1 (Table 1) Dabigatran should be avoided in patients taking any P-gp inhibitor (including dronedarone and systemic ketoconazole) who also have severe renal impairment (creatinine clearance 15-30 mL/min). 1 See Table 2 for additional information on dabigatran drug interactions. 1, 4, 5 Dabigatran should not be selected as an anticoagulant in patients with stage V chronic kidney disease and creatinine clearance less than 15 mL/min because there is no information on its safety and efficacy. Before starting dabigatran, a serum creatinine should be obtained and the creatinine clearance calculated. Periodic renal function should be measured, especially where declining renal function is anticipated such as in patients Ͼ75 years of age and those with creatinine clearance Ͻ50 mL/min. Dabigatran should not be administered to patients with acute kidney injury. 1 On July 1, 2011, the FDA approved rivaroxaban (Xarelto) 20 mg orally once daily for stroke prevention in AF based on the results of the Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke Telithromycin Voriconazole *As determined by the FDA as of July 28, 2011. 4 †Interactions pertinent to rivaroxaban only. 5 ‡Strong CYP3A4 inducers and P-gp inducers should be avoided with rivaroxaban. 5 §Avoid P-gp inhibitors with dabigatran etexilate in patients with creatinine clearance 15 to 30 mL/min. 1 Strong CYP3A4 inhibitors and P-gp inhibitors are contraindicated with rivaroxaban. 5 ¶A dose reduction of dabigatran to 75 mg twice daily orally is suggested in patients with creatinine clearance 30 to 50 mL/min. 1 and Embolism Trial (ROCKET AF). 5 6 Approximately 51% of an oral dose of rivaroxaban is metabolized primarily by CYP 3A4/5 and 36% renally eliminated as unchanged drug. 6 It is a substrate of the efflux transporters P-gp and breast cancer resistance protein. The area under the plasma concentration time curve and maximum concentration of rivaroxaban are increased significantly after administration with food, and it is recommended that both the 15-mg and 20-mg tablets (but not the 10-mg tablet) be administered with the largest meal of the day, typically the evening meal. 5 Product labeling recommends to avoid concomitant use of drugs which are both a strong P-gp inhibitor or inducer as well as a strong CYP3A4 inhibitor or inducer. 5 Examples may be found in Table  2 . 1, 4, 5 Rivaroxaban should not be administered to patients with creatinine clearance Ͻ15 mL/min, and a dose reduction to 15 mg once daily is recommended for patients with AF and creatinine clearance 15 to 50 mL/min. 5 Although not studied in ROCKET AF, pharmacokinetic modeling data and a single study in otherwise healthy patients with chronic kidney disease and creatinine clearance of 15 to 29 mL/min suggest that a 15-mg once-daily dose would result in rivaroxaban concentrations similar to those of patients with creatinine clearance Ն30 mL/min taking a 20-mg once-daily dose. 5 Baseline serum creatinine should be measured and creatinine clearance calculated before starting rivaroxaban. Serum creatinine should be monitored periodically for patients with creatinine clearance near the cut points for dose adjustment (50 mL/min) or avoidance (15 mL/ min). As with dabigatran, rivaroxaban should be avoided in patients with acute kidney injury. 5
Guidelines for Stroke Prevention in Atrial Fibrillation
The 2011 American College of Cardiology Foundation/American Heart Association/Heart Rhythm Society (ACCF/AHA/HRSA) Practice Guidelines recommend dabigatran as a useful alternative to warfarin for the prevention of stroke and systemic thromboembolism in patients with paroxysmal to permanent AF and risk factors for stroke or systemic embolization. 7 The guideline states that candidates for dabigatran should be without a prosthetic heart valve or hemodynamically significant valve disease, severe renal failure (creatinine clearance Ͻ15 mL/min), or advanced liver disease. More recently, the 2012 American College of Chest Physicians (ACCP) practice guidelines were released and they recommend anticoagulation over no anticoagulation or antiplatelet therapy for patients with a CHADS 2 score of Ն1. 8 The ACCP guidelines also recommend anticoagulation with dabigatran over anticoagulation with a vitamin K antagonist (Grade 2B recommendation). Neither guideline includes recommendations regarding rivaroxaban, because rivaroxaban was not yet approved by the FDA at the time of their writing.
Influence of Quality of INR Control on Warfarin on Decision to Change Anticoagulant Therapy
The use of time in the therapeutic range (TTR) has become a recognized method to measure the effectiveness of warfarin. A strong relationship exists between TTR and bleeding or thromboembolic rates. 9 An increased TTR has been associated with decreased mortality, myocardial infarction, stroke, and major bleeding. 10 TTR can be determined by a variety of methods, and one of the most commonly used is Rosendaal's linear interpolation method. This method assumes that a linear relationship exists between 2 INR values and allocates a specific INR value to each day between tests for each patient. 9, 11 The RE-LY investigators conducted a prespecified assessment of the primary and secondary outcomes of the RE-LY trial in relation to the quality of INR control. 12 In RE-LY, study centers were given a warfarin dosing nomogram and suggested patient follow-up schedule for out-of-range INRs. The trial assessed the quality of warfarin treatment by calculating the individual TTR for individual patients by the Rosendaal method. The investigators then calculated the center's mean TTR (cTTR) for each individual center as an average of all individual TTRs in the warfarin group in each center. They used the average TTR each clinical center achieved in its patients treated with warfarin as an approximation of quality of INR control for all its patients receiving warfarin. The 4 TTR quartiles used in the trial were Ͻ57.1%, 57.1% to 65.5%, 65.5% to 72.6%, and Ͼ72.6%. There were no significant probability values for an interaction between outcome and TTR. 12 The analysis found that the dabigatran 150 mg and 110 mg doses maintained their superiority and inferiority,
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New Oral Anticoagulants for Atrial Fibrillation respectively, versus warfarin regardless of cTTR. 12 Rates of intracranial bleeding were lower at both doses of dabigatran than in the warfarin group, regardless of cTTR. For the dabigatran 150-mg dose, there were fewer major bleeding events in the dabigatrantreated patients than in the warfarintreated patients in the lower TTR quartiles and no differences in the higher TTR quartiles. The risk of major gastrointestinal bleeding was higher in the dabigatran 150-mg group in the 2 highest quartiles of cTTR. The composite of all cardiovascular events and total mortality was reduced in the dabigatran 150-mg group at low cTTRs, but dabigatran and warfarin groups had similar rates at high cTTRs. 12 A cost-effectiveness analysis of dabigatran for stroke prophylaxis in AF found that dabigatran 150 mg had no advantage (RR for major bleed, 1.16; RR for stroke, 1.21) to warfarin managed at medical centers where the INR control was in the highest quartile (Ͼ72.6% TTR). 13 In ROCKET AF, a blinded study, centers were not given warfarin dosing nomograms or suggestions on when to follow-up out-of-range INRs. In the safety, on-treatment population of ROCKET AF, the median cTTR was 58% with a median of 65% in the North American cohort. An analysis of cTTR and outcome between rivaroxaban and warfarin revealed no quartiles in which warfarin was superior to rivaroxaban and no significant interaction between cTTR and outcomes. 14
Case 1A Conclusion
The 68-year-old patient has an individual TTR of 75% when calculated using Rosendaal's linear interpolation method. This patient would be in the highest quartile of TTR in the RE-LY trial INR analysis. 12 One must note that, although the RE-LY investigators focused on cTTR versus iTRR in their trial, the decision of whether to switch a patient from dabigatran to warfarin would be an individual patient-level decision. The use of cTTR is a surrogate for INR control and might not truly reflect TTRs for individual patients. 15 The RE-LY INR analysis data suggest that the advantages of dabigatran are greater at centers with poor INR control than at those with good INR control. The 2011 ACCF/AHA/ HRS guidelines state that "patients already taking warfarin with excellent INR control may have little to gain by switching to dabigatran." 7 There is no precise definition of what constitutes excellent control. For this patient, we would recommend that the patient remain on warfarin unless he makes a personal decision to switch to dabigatran after discussing the risks and benefits.
Case 1B Conclusion
Recommendations for converting between anticoagulants, commonly referred to as bridging, based on product labeling for dabigatran and rivaroxaban are described in Table 3 . The patient should discontinue warfarin. His CHADS 2 score is 2, and his current INR is 2.8. He should have a baseline serum creatinine measured and creatinine clearance calculated. He is taking no medications which interact with dabigatran. Warfarin should be discontinued today and the INR measured in 3 days (missing 2 doses). Dabigatran should be started when the INR is Ͻ2.0. Patient information on dabigatran, which should be shared by the prescriber and pharmacist and the patient, has been published previously (notably, storage requirements have changed since this publication and currently state the product must be used within 4 months once opened versus the previous recommendation of 60 days). 16
Case 2 Conclusion
Decisions on which of the new oral anticoagulants to select are made on an individual patient basis. Differences exist between the agents in terms of dosing in renal impairment, frequency of administration, drug interactions, and, potentially, patient health insurance copays. This patient's estimated creatinine clearance by the Cockcroft Gault formula is 41 mL/min. If rivaroxaban is selected, she would require a reduced dose of 15 mg daily. Dabigatran may be administered at the usual dose of 150 mg twice daily. She is currently taking no medications which interact with either dabigatran or rivaroxaban. If she were taking a 3A4 inhibitor that is also not a P-gp inhibitor, we would recommend either dabigatran or warfarin over rivaroxaban, because renal dysfunction plus a 3A4 inhibitor may place the patient at higher risk for bleeding. 4 The patient should be assessed for potential medication adherence problems. Gastrointestinal upset is common with dabigatran, and the patient should be told to report problems early if starting dabigatran and the regimen changed to rivaroxaban if necessary. The patient's food intake should be reviewed if selecting rivaroxaban, because it requires administration with a full meal. Because of her chronic kidney disease, we would recommend serum creatinine measurement at least every 6 months while she is taking either dabigatran or rivaroxaban and reassessment of her dose. If she is hospitalized with an acute illness, such as a recurrence of heart failure, we recommend cessation of oral anticoagulation and replacement with an injectable anticoagulation until her renal function can be assessed as stable. If the decision was made to reinitiate dabigatran or rivaroxaban, the heparin infusion should be discontinued at the same time as administration of either agent. Finally, the patient's pharmacy and insurance company should be contacted to identify the patient's copay and required prior authorizations needed so that the patient does not encounter financial difficulties which would impair adherence when initiating therapy.
